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ABSTRACT

Relevance: Colorectal cancer (CRC) remains one of the leading causes of cancer-related mortality worldwide, largely due to late
diagnosis. In recent years, particular importance has been given to the search for accessible and sensitive molecular markers for the
early detection of precancerous changes, especially in resource-limited countries, including Uzbekistan, where national screening
programs are absent and access to colonoscopy remains limited. One of the most extensively studied markers is the hypermethylation

of the tumor suppressor gene CDKN2A4, which plays a crucial role in cell cycle regulation.

The study aimed to investigate the frequency of CDKN2A promoter hypermethylation in patients with colonic and rectal polyps
and polyposis, and its association with morphological features of dysplasia.

Methods: The study included 31 patients with precancerous intestinal lesions. Mucosal biopsies and blood plasma samples were

analyzed using methylation-specific PCR (MSP-PCR).

Results: CDKN2A hypermethylation was detected in 17 patients (54.8%). The methylation frequency was 65% in patients with
polyps and 36.4% in those with polyposis (p=0.043). A direct association with morphological changes was established: patients with
hypermethylation more frequently exhibited moderate dysplasia (70.6%), whereas in marker-negative cases, mild dysplasia or its

absence predominated.

Conclusion: The findings confirm that CDKN2A4 hypermethylation is an early marker of CRC pathogenesis, closely associated
with the progression of precancerous lesions. The MSP-PCR method demonstrated high sensitivity and accessibility, making it a
promising tool for implementation in the regional laboratories of Uzbekistan. CDKN2A may serve as a risk stratification criterion,
a component of molecular screening, and a basis for personalized surveillance of patients with precancerous intestinal changes.
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Introduction: Colorectal cancer (CRC) is one of the most
significant oncological challenges of our time, both clinical-
ly and epidemiologically. According to the global statistics
GLOBOCAN 2022, CRC ranks third in incidence and second
in mortality among all malignancies worldwide: in 2022,
1.93 million new cases and 935,000 deaths were recorded
[1]. Although in high-income countries mortality has tend-
ed to decline in recent years thanks to screening programs
and early treatment, in middle- and low-income countries,
including Uzbekistan, the figures remain alarming. In par-
ticular, in the Republic of Uzbekistan in 2022, 2,125 new CRC
cases were registered, and more than 50% of patients were
first diagnosed at stages IlI-IV [2].

The principal cause of high CRC mortality is late diag-
nosis, driven by the absence of a national screening pro-
gram, insufficient public awareness, limited access to colo-
noscopy, and deficiencies in the routing of patients within
the primary care network. Therefore, the search for new,
more sensitive, accessible, and reproducible markers of
early diagnosis becomes especially urgent [3]. One of the
priority directions in this regard is the introduction of mo-
lecular-genetic and epigenetic methods capable of de-
tecting tumor transformation at a preclinical stage, well
before morphological changes appear [4].

Despite clear advances in understanding the molecular
bases of carcinogenesis, CRC continues to develop incon-
spicuously over a long period, often beginning with sub-
tle precancerous changes - such as solitary adenomatous
polyps or diffuse polyposis. These conditions may remain
asymptomatic for years until key molecular alterations ac-
cumulate, triggering invasion and metastasis [5]. Modern
colonoscopy with histological verification remains the di-
agnostic gold standard; however, it has several limitations —
its invasiveness, high cost, shortages of personnel and
equipment in primary health care, and limited coverage of
target populations [6].

These circumstances amplify interest in finding alterna-
tive or adjunctive diagnostic methods that are highly sen-
sitive and specific and applicable in outpatient settings.
Epigenetic biomarkers, such as promoter methylation of
tumor suppressors, exhibit all of these characteristics and
are being actively adopted in clinical oncology in leading
countries worldwide [7].

Hypermethylation of CDKN2A is among the most stud-
ied and reproducible alterations involved in early tumor
transformation. Beyond the p16™4¢ and p14*% roles in
critical antiproliferative mechanisms, studies have shown
that methylation of their promoter regions can be detect-
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ed long before clinical and histological signs of malignan-
cy appear [8]. Moreover, these changes may be detectable
not only in tumor tissues but also in circulating DNA, open-
ing the possibility of so-called “liquid biopsy” [9].

In this context, in recent years there has been growing
interest in incorporating molecular diagnostic methods,
including CDKN2A methylation assessment, into standard
protocols for early CRC detection. This is especially rele-
vant for countries such as Uzbekistan, where both popula-
tion-level screening and high-risk group screening require
adapted, low-cost, and reproducible solutions. Given the
lack of overt clinical symptoms in most patients and the
limited availability of invasive diagnostic methods, plas-
ma DNA-based molecular tests may become a vital com-
ponent of a regional strategy against CRC [7].

The CDKN2A (cyclin-dependent kinase inhibitor 2A)
gene, located at 9p21.3, is one of the most studied tumor
suppressors in oncology [8, 10]. It encodes two independ-
ent proteins: p16™Ka which inhibits CDK4/6 and thereby
controls the G1 phase of the cell cycle, and p14*%, which
stabilizes p53 by inhibiting MDM2. Disruption of the ex-
pression of these proteins leads to deregulation of pro-
liferation, suppression of apoptosis, and activation of the
carcinogenic process. Promoter hypermethylation is a key
mechanism of CDKN2A inactivation, making this gene par-
ticularly interesting for molecular diagnostics in oncology,
including CRC.

Among the earliest foundational studies of CDKN2A hy-
permethylation were the papers by M. Toyota et al. (1999),
which demonstrated CDKN2A hypermethylation in intes-
tinal adenomatous polyps, long before the development
of an invasive carcinoma. This allowed methylation to be
considered an early event in the adenoma-carcinoma cas-
cade [11]. These conclusions were confirmed in subse-
quent large meta-analyses, including those by M. Esteller
etal. (2001), which detected p16 hypermethylation in more
than 40% of patients with early-stage CRC [12].

The methods used to study CDKN2A methylation are
varied. In addition to classical methylation-specific PCR
(MSP-PCR), bisulfite sequencing, quantitative methyla-
tion-specific PCR, and, in recent years, DNA methylation
arrays (lllumina 450K and EPIC) and methylated DNA im-
munoprecipitation sequencing (MeDIP-seq) are widely
used [13].

In addition to tumor tissue and plasma, CDKN2A is be-
ing actively studied in stool samples, which is particularly
relevant for non-invasive CRC screening. Studies conduct-
ed in China, South Korea, and Finland have shown that CD-
KN2A methylation in fecal DNA is highly sensitive com-
pared with conventional immunochemical fecal occult
blood tests [14].

Thus, CDKN2A hypermethylation is not merely a bi-
ochemical phenomenon but an important component
of the molecular profile of CRC. Its measurement allows

identification of patients in risk zones, prediction of dis-
ease course, assessment of therapy sensitivity, and, most
importantly, enables early, non-invasive diagnostics of
precancerous changes. Considering the simplicity and
accessibility of the methodology, as well as its high repro-
ducibility, the inclusion of CDKN2A methylation analysis in
regional screening and diagnostic strategies — especially in
resource-limited settings — appears justified and relevant.

In view of the foregoing, the authors sought in this
study to evaluate the diagnostic value of this marker for
early detection of tumor transformation, its association
with morphological signs of dysplasia, and its potential for
inclusion in national approaches to molecular screening
for CRCin Uzbekistan.

The study aimed to investigate the frequency of CD-
KN2A promoter hypermethylation in patients with colon-
ic and rectal polyps and polyposis, and its association with
morphological features of dysplasia.

Materials and Methods: The study was conducted as
part of an initiative to develop molecular methods for ear-
ly diagnosis of colorectal cancer (CRC) in the Republic of
Uzbekistan. The work was performed at the Department
of Coloproctology and the Molecular Diagnostics Labo-
ratory of the Republican Specialized Scientific-Practical
Medical Center of Oncology and Radiology (RSSPMCOR,
Tashkent, Uzbekistan), and in cooperation with the High
Technology Center of the Academy of Sciences of the Re-
public of Uzbekistan. The study protocol was approved by
the local ethics committee, and all patients provided writ-
ten informed consent.

Study design and sample selection. The study included
31 patients (n=31) with a confirmed diagnosis of polyps
or polyposis of the colon and/or rectum, without signs of
invasive cancer at the time of inclusion. Inclusion criteria:
(1) age from 18 to 75 years; (2) presence of endoscopical-
ly confirmed intestinal neoplasms (single or multiple pol-
yps); (3) no history of malignancies; (4) written consent to
participate. Exclusion criteria: inflammatory bowel disease,
prior radiotherapy or chemotherapy, and severe somatic
comorbidities.

Clinical characteristics. The mean age was 49.2+3.3
years. The sample included 18 men (58%) and 13 wom-
en (42%). Among the patients, 20 had a single or multi-
ple polyp(s) (64.5%), while 11 had polyposis (35.5%). All pa-
tients underwent colonoscopy with biopsy.

Collection and transport of biomaterials. Two types of bi-
omaterials were used for molecular analysis: (1) intestinal
mucosa biopsy tissue samples (weighing at least 50 mg),
obtained endoscopically; and (2) venous blood (5 ml) col-
lected into EDTA tubes. Tissue samples were placed into
sterile tubes containing isotonic NaCl solution and trans-
ported at +4°C. Blood was centrifuged (1,600 g, 10 min-
utes), plasma was separated and re-centrifuged (16,000 g,
10 minutes) to remove cells.
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DNA extraction. DNA from tissue and plasma was ex-
tracted using the QlAamp DNA Mini Kit (QIAGEN, Germa-
ny) according to standard protocol. The concentration and
purity of DNA were assessed spectrophotometrically us-
ing a Nanodrop 2000 (Thermo Fisher Scientific, Massachu-
setts, USA) at 260/280 nm.

Bisulfite modification and MSP-PCR. The extracted DNA
was subjected to bisulfite conversion with the EpiTect Bi-
sulfite Kit (QIAGEN), which enables differentiation between
methylated and unmethylated cytosines. Methylation-spe-
cific PCR (MSP-PCR) was used to detect methylation in the
CDKN2A promoter region. Two pairs of primers were used:
one for amplifying the methylated sequence and the other
for the unmethylated sequence. Amplification conditions:
95°C for 5 min, followed by 40 cycles (95°C for 30 sec, 58°C
for 30 sec, 72°C for 30 sec), with a final extension of 72°C
for 7 min. The amplicons were analyzed by electrophoresis
in 2% agarose gel stained with ethidium bromide and vis-
ualized under UV light. The results were documented and
stored digitally.

Histological verification. All biopsy samples underwent
standard morphological processing and hematoxylin-eo-
sin staining. Assessment of dysplasia grade (none, mild,
moderate, severe) was performed by two independent
pathomorphologists according to the WHO (2019) classi-
fication [15].

Statistical analysis. Data processing was conduct-
ed using SPSS v. 26. Categorical variables were analyz-
ed using the x’ test or Fisher's exact test. Differences
were considered statistically significant at p < 0.05. Cor-
relation analysis between methylation status and clini-
co-morphological features was performed using the ¢
(phi) coefficient.

Results: Hypermethylation of the CDKN2A promot-
er region was observed in 17 of 31 patients (54.8% of the
sample). Significant differences in methylation frequency
were observed when stratified by morphological lesion
type: in patients with polyps, methylation was detected in
13 cases (65.0%), while in polyposis it was found in only
4 patients (36.4%). Statistical analysis showed a significant
difference between the groups ()(2 =4.09; p = 0.043), sug-
gesting differences in the molecular pathogenesis of local-
ized versus diffuse forms of pre-neoplastic intestinal pro-
cesses (Table 1).

Table 1 - Frequency of CDKN2A promoter region
hypermethylation

Type of lesion Ngarlrt‘igﬁ{s"f CDKN2A (+) | Frequency (%)
Polyps 20 13 65,0
Polyposis 11 4 36,4
Total 31 17 54,8

Histological assessment of dysplasia severity showed
moderate dysplasia in 10 patients (32.3%), mild in 12

(38.7%), and no dysplasia in 9 cases (29%). It was estab-
lished that, among patients with positive CDKN2A sta-
tus, moderate dysplasia predominated - 12 of 17 cases
(70.6%) — when methylation data were compared with
morphological findings. In contrast, in patients with-
out methylation, mild dysplasia or its absence was more
common (Table 2). Thus, a direct correlation was found
between the extent of epigenetic changes and the de-
gree of proliferative epithelial alteration, suggesting
molecular-level progression toward morphologically
overt cancer.

Table 2 - Histological assessment of dysplasia severity
in patients with positive and negative CDKN2A status

Level of dysplasia CDKN2A (+) CDKN2A (-)
Moderate 12 1
Mild 4 8
Absent 1 5

The mean age of patients with hypermethylation was
50.6 + 2.8 years, whereas among patients without meth-
ylation it was slightly lower — 47.3 + 3.5 years. Although a
statistically significant difference between these indica-
tors was not observed (p = 0.18), there is a trend toward in-
creasing methylation frequency with age, consistent with
the literature.

Thus, the results of the present study demonstrated a
high frequency of CDKN2A gene hypermethylation in pa-
tients with intestinal polyps and polyposis, with the most
pronounced epigenetic changes observed in polyps ac-
companied by moderate dysplasia. These findings sup-
port the potential use of CDKN2A as an early molecular
biomarker of malignancy, particularly in high-risk pop-
ulations. The presence of a significant association be-
tween methylation and morphological features of pro-
liferative activity allows CDKN2A to be considered a risk
stratification criterion and a basis for enhanced clinical
surveillance.

Discussion: In the present study, it was established
that CDKN2A gene hypermethylation is a frequent molec-
ular event in patients with precancerous lesions of the co-
lon and rectum. Its frequency was 54.8%, consistent with
international studies reporting rates of 40% to 70% among
patients with adenomatous polyps. These data confirm
that CDKN2A is involved in the earliest stages of colorec-
tal carcinogenesis. Of particular importance is the finding
that hypermethylation frequency was significantly higher
in patients with localized polyps (65%) than in those with
polyposis (36.4%). This difference may be related to the
distinct nature of the pathologies: in sporadic polyps, ac-
quired epigenetic alterations play a leading role, while in
polyposis (including hereditary forms), mutational mech-
anisms involving genes such as APC, MUTYH, SMAD4, and
others often predominate. The observed pattern may indi-
cate that CDKN2A hypermethylation is a typical marker of
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the sporadic pathway of tumor transformation, rather than
the hereditary one.

An important clinicopathological conclusion concerns
the association between CDKN2A hypermethylation and
the severity of dysplasia. Among patients with hypermeth-
ylation, moderate dysplasia was identified in 70.6% of cas-
es — significantly more frequent than in the unmethylated
group. This may indicate that CDKN2A gene hypermethyl-
ation precedes and accompanies dysplasia progression.
Thus, methylation may be considered not only a marker of
a precancerous process, but also an indicator of its molec-
ular aggressiveness.

The obtained results are also consistent with the epi-
genetic model of carcinogenesis, which posits that meth-
ylation of tumor suppressor genes, including CDKN2A, rep-
resents the first “epigenetic hit” in the multistep process
of malignant transformation. In their classic 1999 study on
adenomatous polyps, M. Toyota et al. first demonstrated
that CDKN2A methylation can be detected long before the
onset of invasion [11].

Our data confirm that CDKN2A hypermethylation can
be used not only for diagnostics, but also for risk stratifica-
tion. For example, a patient with moderate dysplasia and
CDKNZ2A methylation may require more frequent monitor-
ing than a patient with the same morphological diagnosis
but without methylation. This aligns with the current prin-
ciples of personalized medicine and biomarker-based sur-
veillance.

From a technical standpoint, the MSP-PCR method
used in our study demonstrated high sensitivity and repro-
ducibility, making it especially attractive for resource-lim-
ited countries. Its application is feasible not only in large
reference centers but also in regional laboratories, provid-
ed that basic molecular biology infrastructure is available.

It is also important to highlight CDKN2A'’s potential as
a component of multigene panels for early CRC detection.
Our results support the inclusion of CDKN2A in such pan-
els as part of local adaptation and national screening strat-
egy development.

Nonetheless, the study has limitations: a small sample
size, lack of a control group with diagnosed CRC, and ab-
sence of case follow-up, which would allow assessment of
the prognostic value of hypermethylation. Future studies
should include expanded cohorts, evaluation of the sensi-
tivity and specificity of CDKN2A methylation in cfDNA, and
monitoring of clinical outcomes.

Conclusion:

CDKN2A gene hypermethylation is a common epige-
netic event in patients with precancerous lesions of the co-
lon and rectum: it was detected in 54.8% of the examined
individuals, confirming its involvement in the early stages
of colorectal carcinogenesis.

A significantly higher methylation frequency in pa-
tients with polyps (65%) than in those with polyposis

(36.4%) suggests differences in epigenetic alterations be-
tween sporadic and diffuse precancerous intestinal pro-
cesses.

CDKN2A hypermethylation is reliably associated with
moderate dysplasia, highlighting its significance as a mark-
er of early malignant transformation and the potential pro-
gression of benign neoplasms to cancer.

The MSP-PCR method is accessible, sensitive, and tech-
nologically reproducible, making it a promising tool for
molecular diagnostics, especially in resource-limited set-
tings. It can be implemented in the practice of regional
and national laboratories.

CDKN2A is a potential clinically significant biomark-
er for risk stratification in patients with precancerous in-
testinal changes to decide on follow-up strategies and the
need for intervention.

Further research should include a control group of pa-
tients with confirmed CRC, expand the sample size, and
ensure case follow-up of clinical outcomes. Particular at-
tention should be paid to the analysis of circulating DNA
(cfDNA) as a non-invasive diagnostic modality.

References:

1. GLOBOCAN. World Fact Sheet. - 2022. - Jama docmy-
na: 19.09.2025. - URL: https://gco.iarc.who.int/media/globocan/
factsheets/populations/900-world-fact-sheet.pdf

2. Tillyashajxov M.N., Raximov O.A., Adilxodzhaev A.A.,
Dzhanklich S.M. Zabolevaemost’ kolorektal’nym rakom v
Uzbekistane // Taz. Xir. Onkol. — 2022. — T. 12, N¢ 2. - S. 11-
16 [Tillyashaykhov M.N., Rakhimov O.A., Adilkhodjaev A.A.,
Dzhanklich S.M. Incidence of colorectal cancer in Uzbekistan //
Pelvic Surg. Oncol. - 2022. - Vol. 12, No. 2. — P. 11-16 (in Russ.)].
https://doi.org/10.17650/2686-9594-2022-12-2-11-16

3.ChenY.,Zhang Y., YanY., Han J., Zhang L., Cheng X., Lu B.,
Li N., Luo C., Zhou Y., Song K., Iwasaki M., Dai M., Wu D., Chen
H. Global colorectal cancer screening programs and coverage
rate estimation: an evidence synthesis // J. Translat. Med. -
2025. - Vol. 23. — Art. no. 811. https://doi.org/10.1186/512967-
025-06887-4

4. Cao Q. Tian Y., Deng Z., Yang F., Chen E. Epigenetic
Alteration in Colorectal Cancer: Potential Diagnostic and
Prognostic Implications // Int. J. Mol. Sci. — 2024. - Vol. 25 (6). -
Art. no. 3358. https://doi.org/10.3390/ijms25063358

5. Pickhardt P.J., Pooler B.D., Kim D.H. Hassan C.,
Matkowskyj K.A., Halberg R.B. The Natural History of Colorectal
Polyps: Overview of Predictive Static and Dynamic Features //
Gastroenterol. Clin. North Am. - 2018. — Vol. 47 (3). - P. 515-536.
https://doi.org/10.1016/j.gtc.2018.04.004

6. Liu C, Xu L., Li W., Jie M., Xue W., Yu W. Multiple
biomarker-combined screening for colorectal cancer based on
bisulfate conversion-free detection of fecal DNA methylation
// BioMed Res. Int. — 2021. — Art. no. 1479748. https:/doi.
org/10.1155/2021/1479748

7.Yamashita K., Hosoda K., Nishizawa N., Katoh H., Watanabe
M. Epigenetic biomarkers of promoter DNA methylation in the
new era of cancer treatment // Cancer Sci. — 2018. - Vol. 109(12). -
P. 3695-3706. https://doi.org/10.1111/cas.13812

8.ZhaoR., ChoiB.Y. Lee M.H., Bode A.M., Dong Z. Implications
of genetic and epigenetic alterations of COKN2A (p16INK4a) in

Oncology and Radiology of Kazakhstan, Ne3 (77) 2025 69



TREATMENT

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn

cancer // EBioMedicine. - 2016. - Vol. 8. - P. 30-39. - DOI: https.//
doi.org/10.1016/j.ebiom.2016.04.017

9. Fatemi N., Tierling S., Aboulkheyr Es H., Varkiani M.,
Nazemalhosseini Mojarad E., Asadzadeh Aghdaei H., Walter J.,
Totonchi M. DNA methylation biomarkers in colorectal cancer:
Clinical applications for precision medicine // Int. J. Cancer. -
2022. - Vol. 151 (12). — P. 2068-2081. https://doi.org/10.1002/
ijc.34186

10. Bahrami A., Hassanian S.M., Khazaei M., Gharib M.,
RahmaniM., FiujiH., Jazayeri M.H., Moetamani-Ahmadi M., Ferns
G.A., Avan A. The 9p21 locus as a potential therapeutic target and
prognostic marker in colorectal cancer // Pharmacogenomics. -
2018. - Vol. 19 (5). - P. 463-474. https://doi.org/10.2217/pgs-2017-
0096

11. Toyota M., Ahuja N., Ohe-Toyota M., Herman J.G., Baylin
S.B., Issa J.P. CpG island methylator phenotype in colorectal
cancer // PNAS. - 1999. - Vol. 96 (15). - P. 8681-8686. https://doi.
0rg/10.1073/pnas.96.15.8681

12. Esteller M., Sparks A., Toyota M., Sanchez-Cespedes M.,
Capella G., Peinado M.A., Gonzalez S., Tarafa G., Sidransky D.,
Meltzer S.J., Baylin S.B., Herman J.G. Analysis of adenomatous
polyposis coli promoter hypermethylation in human cancer //
Cancer Res. — 2000. - Vol. 60 (16). — P. 4366-4371. https://doi.
0rg/10.1097/00000658-199501000-00004

13. Ayub A.L.P., Perestrelo B.O., Pessoa G.C., Jasiulionis M.G.
Useful methods to study epigenetic marks: DNA methylation,
histone modifications, chromatin structure, and noncoding
RNAs // In: Epigenetics and DNA Damage. - 2022. - P. 283-310.
https://doi.org/10.1016/B978-0-323-91081-1.00012-1

14. Porcaro F., Voccola S., Cardinale G., Porcaro P., Vito P. DNA
Methylation Biomarkers in Stool Samples: Enhancing Colorectal
Cancer Screening Strategies // Oncol. Rev. — 2024. - Vol. 18. - Art.
no. 1408529. https://doi.org/10.3389/0r.2024.1408529

15. WHO Classification of Tumours Editorial Board. Digestive
System Tumours. — 5™ edn. — Lyon: IARC Press; 2019. — 543 p. -
ISBN 978-92-832-4499-8

AHJATIIA

CDKN2A MOJIEKYJIAJIBIK-BUOJIOT'UAJIBIK MAPKEPIHIH TOK IIIEK OBbIPBIH
EPTE IUATHOCTHUKAJIAYIAFbI POJII

M.H. Tunnawaiixos', X./I. Hcnamos', A.B. Ten', U.I1. 3usnee', A.II. 3uses!

10HKonOrus XaHe paanosnoria 6oitbiHia Pecny6MKanblk MamaHaHabIpbINFaH FoIbIMU-TaXIpUBENiK MeAuLMHanbIK 0pTanblk, TalkeHT, B36eKcTaH

Oszexminizi: Konopexmanowl 0ovip (KPO) onem Ootiviniua Kamepii icikmepoeH 601amvlH 01iM-HCIMIMHIY dcemeKiui cebenmepiniy
0ipi bonvin Kana bepedi, Oyn kobine kew ouaznocmuxanayea oavnanvicmol. Coyewl HcbiI0apsl AnN0bIH Ald ICIK al0biHOA2bl 032epicmepoi
epme aHblKmayaa apHaiean KOANCemimol opi ce3iMma MOAeKyIaiblK Mapkepiepoi iz0ey epexwe o3exminikke ue 6010wui. byn, ocipece
YIMMbIK, CKPUHUHSIIK OA20apIaMAnapul HCOK JHcoHe KONOHOCKONUAHBIY KOIHCEMIMOINIel moMeH MeMaeKemmep YuiH Maysi30bl, COHbIY
iwinde Oz6excmanda. Ey xen 3epmmencen mapkepaepoiy 6Ipi — dcacywa yukiin pemmeyoe He2isel pol amkapamvlt iCiKk Cynpeccopul
CDKN2A zeniniy eunepmemunoemyi.

3epmmeyoin maKcamsl — mox HcoHe mix iulexmiy noaunmepi men noaunoswl oap naykacmapoa CDKN2A npomomop atimazvinvly
eunepmMemun0eny JHcuiniein dcone oHwlly OUCHAAZUAHBIY MOPPONO2UANLIK Oeneinepimen 6alIanbiCbii 3epmmey.

Qodicmepi: 3epmmeyee iwexmiy icik anovl mysinimoepi b6ap 31 nayxac eneizinoi. [lvipoiuimel Kabvix 6uonmammapsl MeH Kam
naasmacel memunee-cneyuguxanvik [ITP o0icimen mandanosi.

Homuocenepi: CDKN2A eunepmemundenyi 17 naykacma (54,8%) anvikmanowl. [lonunmepi 6ap naykacmapoa Mmemunoeny jcuiniel
65%, an nonunoswvl bap naykacmapoa — 36,4% xypaowr (p=0,043). Mopghonozusnvix e32epicmepmen mixkenei 6aIAHbIC OPHAMBLIObL:
eunepmemunoenyi bap naykacmapoa opmauia oucniasus sxcui oauxanowl (70,6%), an mapkep mepic naykacmapoa siceqin OUCHaAa3usl
HeMmece OHbIH DoMaysl bacvim 6010b1.

Kopvtmuinowvi: Anvinean oepexmep CDKN2A eunepmemundenyi KPO namoeenesindezi epme maprep 607vin mabwliamolHblH JCOHe
icik anovl npoyecmiy yoeyimeH molevl3 6atiianvicmol ekenin pacmatiovl. MSP-IITP o0ici scozapbi ce3immanobik neH KoaicemimoLiKmi
xepcemmi, Oyn OHbl O30eKCmMaHHbIY OHIPIIK 3epmMXAHALApbIHA  eHei3y ywiin nepcnekmusanvt emedi. CDKN2A moyekenoi
cmpamugpurkayuanay Kpumepuiii, MOIeKY1AIblK CKPUHUHSINIY KOMIOHEHMI JcoHe iulekmiy icik anovl e3eepicmepi 6ap HayKacmapoul
JrcexeneHoipineen OaKwiiayobly He2i3i peminoe KOIOAHbLIYbl MYMKIH.

Tyitinoi ce30ep: konopexmanowt 0ovip (KPO), norunmep, CDKN2A, cunepmemunoeny, snuzenemuranvix buomapxepaep, MSP-IITP,
MONEKYNANbIK CKPUHUHE.

AHHOTALUA

POJIb MOJIEKYJISIPHO-BUOJIOTUYECKOI'O MAPKEPA CDKN2A
B PAHHEU TUATHOCTHUKE PAKA TOJICTOU KHIIKA

M.H. Tunnawmaiixos', X,/I. Hcnamos', A.B. Ten', U.I1. 3uses', A.II. 3usnee’

1Pecny6anKaHCKuii CNewyManu31poBaHHbIi HayuHO-NPAKTUYECKIIt MeAVLIHCKIR LIEHTD OHKONOTM U PajIonorui, TaliKkeHT, Y36eKncTan

Axmyansnocme: Konopexmanvhuviii pak (KPP) ocmaémcs 00HOU u3 6e0ywjux NPUYUH CMEPMHOCMU OM 3/10KAYECTNEECHHbIX
HOB000PA3068AHUIL 80 8CEM MUpe, UMO 80 MHO20M 00VCI061eHO No30Hel duacHocmuxol. Ocobyio akmyaibHOCMb 8 NOCIe0HUe 200bl
npuobpemaem nouUcCk OOCMYNHbIX U YYECTBUMENLHBIX MOIEKYIAPHBIX MAPKEPOE PAHHE2O 6blAGNIEHUS NPEOONYXONe6blX UMeHeHUl,
6 MOM Yucie 8 CMPAHAX C O2PAHUYEHHBIMU pecypcamu, eKaouas Yzboexkucman, 20e omcymcmeyiom HAYUOHATbHbIe CKPUHUH2OGbIE
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npoepammel, @ 00OCMYNHOCMb KOIOHOCKONUY ocmaémces Huzkot. OOnum u3 naubonee u3yueHHuIX AGNACMC 2UNepMemuIuposanue 2end-
cynpeccopa onyxoneti CDKN2A, uepaiowezo kniouegyio poiv 6 pecyiayuu KiemouHo20 Yukid.

Lenv uccnedosanus — usyuenue uacmomol cunepmemuiuposanus npomomoprot oonacmu CDKN2A y nayuenmos ¢ norunamu u
NOAUNO30M MOACMOU U NPAMOU KUWKU, d AKIICE e20 ACCOYUAYUU C MOPPOI02ULeCKUMU NPUSHAKAMU OUCTIA3UU.

Memoowvi: B uccnedosanue 6xkaouén 31 nayuenm ¢ npedonyxonegulmu 00pa308anuimu KuweyHuka. buonmamol cauzucmoil u
naasma Kpogu Obliu NPOAHAIUZUPOBAHbL MeMOOOM Memu-cneyuguueckoti ITLP.

Pesynemamut: ['unepmemuauposanue CDKN2A evissneno y 17 nayuenmos (54,8%). Ilpu nonunax uwacmoma memunupo8anus
cocmasuna 65%, npu nonunose — 36,4% (p=0,043). Yemanoeaena npamas cesa3ze ¢ MOp@onocuieckuMy UsMeHeHUAMU: Y NAYUEHINOE
¢ eunepmemuauposanuem yauje Habaooaracs ymepennas oucniasus (70,6%), mozoa kak npu ompuyamenbHoM cmamyce no mapKepy
npeobnadanu néexkas OUCnIA3us Uiy e€ omcymcmeue.

3axnwuenue: Illonyuennvie Oannvie noomeepoicoarom, umo eunepmemunupoganue CDKN2A aenaemcs panHum mapkepom
6 namoeeneze KPP, mecno ceéssannvim ¢ npoepeccueti npedonyxoneeoeo npoyecca. Memoo MSP-PCR nokazan 6ulcOKyio
Y4YBCMBUMENLHOCTL U OOCMYNHOCMb, YMO Oenden e20 nepcnekmueHuiM i BHeOpeHUs 8 pecuoHanbhvle 1abopamopuu Y3oexucmana.
CDKN2A4 mooicem 6vimb ucnonb306an Kax Kpumepuil cmpamu@ukayuu pucka, KOMNOHEHM MONEKYIAPHO20 CKPUHUH2A U OCHO8A OJiA
nepCoHAIU3UPOBAHHO20 HAONI00EHUS 30 NAYUEHMAMU C NPEOONYXONeGbIMU USMEHEHUAMU KUIUEYHUKA.

Knioueeswie cnosa: xonopexmanvuwiil pax (KPP), nonunvt, CDKN2A, eunepmemunuposanue, snuceHemuyeckue ouomapkeput, MSP-
PCR, monexynapHulii cKpuHuHe.
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